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a b s t r a c t
Background: Sitting craniotomy often results in entrapment of air in ﬂuid-ﬁlled intracranial
cavities. Gas under pressure exerts a deleterious effect on adjacent nervous tissue, resulting
in clinical deterioration.
Aim of study: To assess the incidence of tension pneumocephalus (TP) and to deﬁne risk
factors associated therewith.
Material and method: Analysis included 100 consecutive patients (57 boys, 43 girls, mean age
9.7 y) undergoing suboccipital sitting craniotomy since 2012 to 2014.
Results: In our material (n = 100) TP was seen in 7 cases, asymptomatic pneumocephalus (AP)
in 77 and no pneumocephalus (NP) in 16. Tumor types encountered were typical for pediatric
population. In the TP group (n = 7) the ratio of low-grade to high-grade tumors was 5:2, in the
AP group (n = 77) 2:1 and in the NP group (n = 16) 1:1. Preoperative hydrocephalus was present
in 21 cases (21%, mean incidence), thereof 3 in the TP group (3/7; 42.8%), 12 in AP group (12/77;
15.5%) and 6 in the NP group (6/16; 37.5%). All TP patients received an emergency external
drainage, thereof 4 required a permanent ventriculo-peritoneal shunt (57.1%), while AP and
NP patients combined (n = 93) required a permanent shunt in 4 cases only (4.3%). TP-
associated morbidity (n = 2) consisted in a signiﬁcant deterioration of neurological condition.
Conclusions: TP is a relatively rare but potentially serious complication of suboccipital sitting
craniotomy. Risk factors for TP are low-grade tumor and pre-existing long-standing hydro-
cephalus. TP requires emergency decompression by temporary external drainage. TP
patients signiﬁcantly more often require a permanent CSF shunt.
© 2017 Published by Elsevier Sp. z o.o. on behalf of Polish Neurological Society.
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Tension pneumocephalus (TP) is a phenomenon where gas
(usually air) exceeding atmospheric pressure accumulates in
the intracranial cavity, either in the subdural space, ventricles* Corresponding author at: Klinika Neurochirurgii, Al. Dzieci Polskich 
E-mail address: neurochirurgia@czd.pl (P. Daszkiewicz).
http://dx.doi.org/10.1016/j.pjnns.2017.04.006
0028-3843/© 2017 Published by Elsevier Sp. z o.o. on behalf of Polish Nor arachnoid cisterns. Based on a physical laws discovered by
Jacques Charles in 1787 and further developed by Joseph Gay-
Lussac in 1802 (thus Charles' and Gay-Lussac Law) [1], heating
of intracranial gas from ambient temperature (about 20 8C) to
internal body temperature (37 8C) will cause an increase of it's
volume and, consequently, pressure it exerts on adjacent20, 04-730 Warszawa, Poland.
eurological Society.
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elevation of intracranial pressure with potentially serious
consequences. In the past, such a situation was common in
patients undergoing pneumoencephalography, a radiological
technique, currently obsolete, devised by Walter Dandy in the
'30s, enabling visualization of cerebral ventricles [2]. At
present, air may enter incracranial space as a consequence
of open cranio-cerebral trauma with uncontrolled egress of
cerebro-spinal ﬂuid or in the setting of sitting craniotomy for
posterior fossa pathology, where surgical ﬁeld is located below
CSF-ﬁlled intracranial compartments. CSF escapes through
the surgical wound and is replaced by air.
Sitting suboccipital craniotomy is commonly performed to
treat posterior fossa pathology in patients over 3 y.o., where
calvarial bone thickness allows for a safe and secure ﬁxation of
the patient's head. Sitting position provides good access to the
entire posterior fossa including pineal region, facilitating
spontaneous gravitational evacuation of blood and CSF,
providing the surgeon with a slack and relatively dry ﬁeld.
It's main draw-backs include TP, air embolism and fatigue
associated with ‘‘hands-up’’ working position [3].
Intracranial air under pressure (TP) may cause headache,
vomiting, altered sensorium, focal neurological deﬁcits, in
extreme cases brainstem dysfunction and death [2,4]. There
are many theories concerning pathogenesis of TP and
iatrogenic risk factors associated therewith including use of
nitrous oxide, signiﬁcant ventriculomegaly prior to surgery,
loss of elasticity and reduced volume of neural tissue due to
preoperative dehydration, intracranial hypotension caused by
hyperventilation or evacuation of CSF by pre-existing ven-
triculo-peritoneal shunt or external drainage, prolonged
surgery, dural CSF leak (e.g. dural laceration after epidural
lumbar analgesia). All of these tend to reduce intracranial
pressure with subsequent aspiration of air [4].
TP has already been extensively analyzed in the '70s and
'80s but despite overall progress in neurodiagnostics, neuroa-
nesthesia and neurosurgery, it remains a signiﬁcant clinical
challenge. The aim of this study is to analyze the frequency of
this phenomenon in everyday clinical practice, it's manage-
ment and to determine risk factors which may help to select
patients at-risk for this complication.
2. Material and method
Analysis included 100 consecutive patients undergoing
suboccipital sitting craniotomy for posterior fossa patholo-
gy, treated since 2012 to 2014. Study population includes 57
boys and 43 girls aged 4–17 y. (mean age: 9.7 y.).
Retrospective analysis of medical records was the employed
study method.
Patients were operated on under general anesthesia; no
halothane neither nitrous oxide were used. Normotension and
normocapnia were maintained throughout the procedure.
Short-term hyperventilation and intravenous infusion of
mannitol were used ‘‘on demand’’ to reduce intracranial
pressure and facilitate dural opening. Surgery as such was
performed by experienced neurosurgeons observing standard
protocols and techniques. External ventricular drainage in the
setting of sitting craniotomy is not used at our center.Clinical signs suggesting a TP induced an emergency CT-
scan. If conﬁrmed, temporary external drainage was placed
(ventricular or subdural, depending on location of intracra-
nial air). Volume and morphology of drained CSF were
monitored and intracranial air volume was controlled by CT
scan. If after 5–7 days drainage volume did not exceed
100 ml and intracranial gas disappeared, the patient was
gradually weaned from the drainage. If daily drainage
volume exceeded 100 ml and no infection was present,
external drainage was replaced by a permanent ventriculo-
peritoneal shunt.
3. Results
In the entire study population (n = 100), intracranial air after
surgery was seen in 84 cases, thereof in the ventricles in 9
patients, in the subdural space – in 29 cases and in ventricular
AND subdural space combined – in 46 patients. In the entire
group, tension pneumocephalus (TP) developed in 7 cases (4
boys and 3 girls), asymptomatic pneumocephalus (AP) in 77 (43
boys and 34 girls) and no pneumocephalus (NP) developed in
16 (10 boys and 6 girls). Mean age of SP-, AP- and NP subgroups
was 10.14 y, 9.92 y and 8.63 y, respectively.
In terms of histopathology, the entire group included 47
cases of pilocytic astrocytoma, 32 cases of medulloblastoma,
7 cases of ependymoma, 3 cases of schwannoma and 11 cases
of other types of posterior fossa pathology. TP group (n = 7)
included 5 low grade (WHO I and II) and 2 high grade tumors
(WHO grade III and IV) (ratio 5:2), the AP group (n = 77) – 50
and 27 (ratio 2:1) and the NP group (n = 16) – 8 and 8 cases
(ratio 1:1).
In the entire study population, preoperative hydrocepha-
lus was present in 21 cases, thereof 3 in the TP group (3/7;
42.8%), while in AP and NP groups combined (n = 93), it was
present in 19.3%, thereof 12/77 in AP group (15.5%) and 6/16 in
the NP group (37.5%). Analysis of effect of preoperative
hydrocephalus and tumor type on subsequent development
of TP revealed, that TP patients with hydrocephalus harbored
1 high-grade and 2 low-grade tumors (1:2); AP patients with
hydrocephalus harbored 6 high-grade and 6 low-grade
tumors (6:6); NP patients with hydrocephalus harbored
4 high-grade and 2 low-grade tumors (4:2). This would attest
to a direct ‘‘protective’’ role of tumor malignancy on
pneumocephalus as such and development of TP (exactly
opposite ratios of high-grade to low-grade tumors in TP and
NP groups).
All TP patients received an emergency external drainage. In
this group (n = 7), 4 subsequently required a permanent
ventriculo-peritoneal shunt (57.1%), while AP and NP patients
combined (n = 93) required a permanent shunt in 4 cases only
(4.3%).
In our study, no TP-associated mortality was noticed, while
TP-associated morbidity (n = 2) included a signiﬁcant deterio-
ration of neurological condition (disturbed consciousness,
bulbar syndrome, hemiparesis), resulting in prolonged hospi-
tal stay and long-term rehabilitation.
Unfortunately, small numbers of patients in particular sub-
groups preclude formal statistical analysis and unequivocal
conclusions based on our material.
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The ﬁrst report on TP in a living person was by Walter Dandy in
1926 [1]. Adoption of a sitting position for posterior fossa
surgery and it's widespread use contributed to accumulation
of a large body of data concerning various phenomena
associated therewith, including TP, air emboli, etc. [2–5].
However, TP is not associated solely with sitting position.
There are anecdotal reports on TP developing after prone
craniotomy [6], lumbar drainage for aneurysm surgery in
supine position [7], conservative treatment of rhinorrhea [8],
scuba diving [9], trafﬁc accident [10], etc. A role of nitrous oxide
in the development of TP has also been postulated [11], as well
as that of hyperbaric oxygen therapy [12]. In spite of a
considerable progress in neurosurgery, TP still poses a
considerable clinical challenge.
Presence of intracranial air is common after sitting
craniotomy and of itself is not a problem [13,14], conﬁrmed
by our material where most patients with CT-conﬁrmed
postoperative pneumocephalus did not develop clinical signs
requiring emergency intervention. It appears that these occur
only above certain threshold quantity of intracranial gas
combined with individual susceptibility, favored by reduced
elasticity of brain, compromised cerebral perfusion, hypoxia,
immaturity, etc. [15]. Both in our material and according to
literature data, the incidence of symptomatic TP is low (7% of
cases in our material, 2–5% in other authors' reports), although
when it does happen, it is fairly well remembered by all
concerned. We did not notice the inﬂuence of age, gender, or
type of anesthesia on the incidence of TP. Some authors
highlight a possible role of nitrous oxide in the development of
TP [11]. As already mentioned, we do not use this agent for
intracranial procedures.
Hydrocephalus is common in children with posterior fossa
tumors, occurring in 71–90% of pediatric patients [2]. In our
material, TP developed signiﬁcantly more often in children
with pre-existing long-lasting ventriculomegaly associated
with low-grade slow-growing tumors than in those without
hydrocephalus or with only a short history of hydrocephalus
associated with high-grade, fast growing tumor. This would
suggest a possible role of prolonged ventriculomegaly and
reduced brain elasticity in the development of TP, as opposed
to children with high-grade tumors, presenting with a short
history of acute hydrocephalus, relatively narrow ventricles,
preserved brain elasticity and it's superior pressure-absorbing
properties. In our material, distribution of histological types of
tumors was similar to that commonly reported in the
literature, so such a suggestion appears viable [4,16].
Symptoms usually develop within the ﬁrst few hours after
surgery, warranting close monitoring, diagnostic vigilance and
rapid intervention, if necessary. Decompression of TP usually
provides an immediate relief, but external drainage must be
maintained for a few days to enable evacuation of air, it's
replacement by CSF and restoration of normal intracranial
pressure–volume balance. If CSF absorption deﬁcit persists
indicating active hydrocephalus and no infection is present,
external drainage must be replaced by a permanent CSF shunt
system. While among all patients with posterior fossa tumor,
the percentage of persons requiring implantation of a CSF-shunt after tumor excision is estimated at 10–40% [16,17], the
respective proportion of TP-patients is as high as 57% in our
material. This may be caused by pre-existing long-lasting
severe hydrocephalus, or permanent obstruction of arachnoid
granulations by gas, permanently blocking CSF-absorption
capacity.
We try to prevent excessive intraoperative loss of CSF by
temporary occlusion of the aqueduct by a cottonoid, by as
complete as possible replacement of lost CSF by warm
physiological saline and watertight dural closure, but such
apparently obvious measures are not 100% effective in
preventing TP. Given the actual rarity of TP (7% in our
material) and paucity of recruited patients both in ours and in
other authors' reports, at the moment any generalizations and
ﬁrm conclusions appear premature. Nevertheless, ‘‘preven-
tive’’ routine placement of external ventricular drainage
during suboccipital sitting craniotomy, as well as renounce-
ment of sitting position as such on purely principal grounds
appears unjustiﬁed. What remains, is meticulous surgical
technique, close postoperative monitoring and timely inter-
vention, if necessary.
Misquoting Hamlet, ‘‘prone or sitting position – that is the
question!’’[18]. Both have their adherents, based mainly on
personal experience and standards of a particular center,
because hard evidence- and randomized controlled trials-
based data are lacking. Sitting position provides an unob-
structed and ‘‘anatomical’’ approach, reduced venous conges-
tion, gravitational drainage of blood and CSF, providing access
for the entire posterior fossa, including the pineal region. It's
opponents emphasize the risk of pneumocephalus and air
embolism, delayed hematoma formation (inactive bleeding
when sitting may become active upon putting the patient in a
horizontal position), not to mention surgeon's fatigue. On the
other hand, prone or ‘‘concorde’’ position prevents pneumo-
cephalus and air embolism (the latter to a certain extent only),
potential bleeders that can be dealt with on the spot and is
more comfortable for the surgeon. It's main draw backs
include: work in blood- and CSF-ﬁlled ﬁeld, more venous
congestion, more difﬁcult orientation in the ‘‘upside down’’
setting. Last but not least, anatomic considerations should
also be taken into account (tumor location, conﬁguration of the
tentorium, position of the vein of Galen complex, etc.). In our
institution, children under 3, as well as mid-line, low-lying and
peripheral posterior fossa tumors and patients with a ﬂat more
horizontal tentorium (when standing) are approached in the
prone position. Older patients and pineal region tumors, as
well as patients with a more vertical tentorium (when
standing) are operated on in the sitting position. To sum up,
each case should be dealt with on an individual basis. The best
position and surgical corridor should be chosen, according to
current clinical situation and surgeon's preference.
5. Conclusions
Due to a small number of TP cases, we may only highlight our
most relevant ﬁndings:
- TP was a relatively rare but potentially serious complication
of suboccipital sitting craniotomy;
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tumors and established ventriculomegay;
- TP required emergency decompression by temporary exter-
nal drainage;
- TP patients often required a permanent CSF shunt.
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